Ten adults with Down syndrome (DS), 10 mental age-matched, and 10 chronological age-matched participants drummed continuously with both hands for 10 s in response to verbal in-phase ("up," "down") and anti-phase ("left," "right"), visual in-phase (video of both drumsticks moving up and down together) and anti-phase (video of the left, then right drumstick hitting each drum), and auditory in-phase (sound of both drums being hit, then cymbal being hit) and anti-phase (sound of one drum being hit, then the other drum being hit) instructions. Timing and coordination consistency were similar for in-phase and anti-phase drumming for adults with DS, whereas in-phase was more consistent than anti-phase drumming for CA. In addition, spatial-temporal measures showed performance advantages when using visual instructions.
Bimanual actions are necessary for activities of daily living (e.g., dressing, eating, etc.) and in learned skills (e.g., sign language, swimming, etc.). Adults with Down syndrome (DS) have the ability to learn movements (Edwards, Elliott, & Lee, 1986; Maraj, Hillman, Jeansonne, Ringenbach, 2003; Sayers, Cowden, Newton, Warren, & Eason, 1996) . Therefore it is important to instruct adults with DS in the most appropriate and effective and way to enhance their quality of life.
It is known that adults with DS present a unique etiology that affects many areas of development such as fundamental motor patterns (Sherrill, 2004) , physical fi tness (Connolly & Michael, 1986; Sherrill, 2004) , and the learning of complex motor skills (Henderson, Morris, & Frith, 1981; Kerr & Blais, 1985) . One of the more important differences is how they interpret visual, auditory, and verbal information into appropriate movement responses. Previous research, based on a model of atypical cerebral specialization for speech perception in adults with DS has shown that adults with DS perform discrete movements (e.g., reaching, smiling) more accurately following visual demonstrations than verbal instructions (Elliott, Weeks, & Elliott, 1987; Elliott & Weeks, 1990 , 1993 . Whereas, recent research using continuous and bimanual movements (e.g., line and circle drawing) have shown that adults with DS perform continuous bimanual movements more accurately following auditory (e.g., alternating tones) information than visual (e.g., fl ashing light) or verbal information (e.g., "up," "down"; Ringenbach, Chua, Maraj, Kao, & Weeks, 2002; Ringenbach, Ericsson, & Kao, 2003; Robertson, Van Gemmert, & Maraj, 2002) .
Most of the recent research investigating bimanual coordination in adults with DS, however, has not provided specifi c coordination instructions; rather, the participant self-selected the most comfortable coordination pattern to complete the task. In typical adults for bimanual coordination, in-phase movements (defi ned as similar muscle movements in each arm) were performed most accurately followed by anti-phase movements (defi ned as unsimilar muscle movements in each arm; Haken, Kelso, & Bunz, 1985; Kelso, 1984) . When coordination between the arms in adults with DS was left to participant preference, adults with DS produced fairly accurate in-phase circles with both hands (i.e., more similar to typical adult coordination patterns than typical child coordination patterns; Robertson et al., 2002; Ringenbach et al., 2003) . In one study, coordination between the hands in adults with DS during circle drawing was self-selected, instructed in-phase (i.e., both arms circle in together and out together as in the motion of the arms in breast stroke), and instructed anti-phase (i.e., both arms move to the right together and the left together as in the motion of windshield wipers). The results showed that adults with DS were less accurate and consistent in coordinating anti-phase circle drawing than CA but not MA comparison groups (Ringenbach & Lantero, 2005) . These studies suggest that adults with DS have more diffi culty performing antiphase movements than do CA.
One of the limitations of the previous research is that the tasks were performed in the horizontal plane (e.g., lines drawn toward and away from the body-Robertson et al., 2002; lines drawn toward the body midline and away from the body midline- Ringenbach et al., 2003; circle drawing-Ringenbach et al., 2003; Robertson et al., 2002; Ringenbach & Lantero, 2005) . Adults with DS not only perform movements in the horizontal plane (e.g., in-phase-breast stroke in swimming, clashing cymbals; anti-phase-playing the piano), they also perform movements in the vertical plane (e.g., in-phase-butterfl y stroke in swimming, drum beat; anti-phase-freestyle stroke in swimming, drum roll). Furthermore, research with typical adults has suggested that orientation of the task (e.g., planes of movement, relative directions of movements) can affect the type (e.g., in-phase, anti-phase) and consistency of bimanual coordination performance (Robertson, Kao, Winges, & Umberger, 2001; Swinnen et al., 1998; Temprado, Swinnen, Carson, Tourment, & Laurent, 2003) . Specifi cally, Robertson et al. (2001) had typical adults draw circles on a table top in in-phase (similar to breast stroke) and anti-phase (similar to the action of windshield wipers) coordination, as well as draw circles on each side of a vertical board placed at the participants midline in in-phase (e.g., similar to rowing) and anti-phase (e.g., similar to cycling motions with the hands) coordination at increasing speeds. The results show that anti-phase coordination is more stable (i.e., lower SD of relative phase) in the vertical plane than it is in the horizontal plane. Practically, this makes sense because arm motion in walking is performed in the vertical plane of motion and is performed in anti-phase, whereas it is harder to imagine anti-phase movements in the horizontal plane in everyday actions. Theoretically, this result was interpreted using the dual control problem (Newell & McDonald, 1994) , which states that the goal of a performer is to discover the dynamics of the individual, environment, and task (secondary problem), while at the same time maintaining safety of the organism (most important problem). Thus, performance differences may be seen in tasks with differences in postural stability and potential for falling. This is even more important in populations with compromised balance (e.g., DS, children, etc.) .
Research with adults with DS indicates that they were more similar in amplitude to MA (both larger than CA) when drawing circles, but more similar in amplitude to CA (both smaller than MA) when drawing lines. For all groups, drawing bimanual in-phase lines were coordinated more consistently (lower SD of relative phase) than drawing bimanual in-phase circles . Thus for adults with DS, there appears to be task differences with respect to circle and line drawing, which may be explained by postural stability constraints and the dual control problem; that is, circle drawing that required movements toward and away from the body midline are likely to require more postural control than drawing lines in which all movements were made at the body midline. The present experiment tests the generalizability of the model of atypical cerebral specialization to a different type of movement (e.g., vertical plane, more practical task) because recently the model of atypical cerebral specialization for persons with DS has been acknowledged to be a simplifi ed model and to be task specifi c .
In the present study, visual (i.e., video of drumming), verbal (i.e., "up," "down"), and auditory (i.e., sound of drum hit, sound of cymbal hit) 1 instructions are compared in a continuous in-phase and anti-phase bimanual coordination task in the vertical plane of movement (i.e., drumming) among adults with DS and mental age-matched (MA) and chronological age-matched (CA) comparison groups. Do adults with DS benefi t from similar types of instruction (e.g., auditory) when performing a continuous bimanual coordination task in the vertical plane (i.e., drumming) as has been found in continuous bimanual coordination tasks in the horizontal plane? We believe that bimanual coordination is infl uenced by individual, task, and environmental constraints. Because, to our knowledge, there has not been any other research comparing bimanual in-phase and anti-phase movements in the vertical plane in persons with DS (e.g., tapping, drumming), we have provided alternate hypotheses based on previous research of ourselves and others. One working hypothesis is that if the plane of movement (e.g., vertical) is infl uential (e.g., changes in postural stability alter movement performance), adults with DS may be able to coordinate anti-phase drumming movements similarly (e.g., using relative phase, which is a measure of the difference in time and space of the two drumsticks and percentage of a trial in in-phase, which is perfect synchrony of the two drumsticks in space and time and percentage of a trial in anti-phase, which is time in which the drumsticks were asynchronous) to in-phase drumming movements. Whereas if the plane of movement is not critical (i.e., no infl uence of postural factors between horizontal and vertical movements), in-phase drumming will be performed more accurately and consistently than anti-phase drumming for DS and MA and similarly for CA. Based on previous research on continuous bimanual coordination tasks (e.g., Ringenbach et al., 2002; Ringenbach & Lantero, 2005) , a second working hypothesis is that due to the continuous nature of the drumming task, auditory instructions may lead to the more accurate (e.g., matching timing to instructions, low relative phase) and consistent (e.g., low CV of movement time, SD amplitude, and SD aspect ratio, SD of relative phase) drumming performance for adults with DS than visual and verbal instructions, whereas CA and MA will perform similarly using all instruction types.
Methods

Participants
Thirty participants were included in the study. One group consisted of 10 adults with DS (M CA = 24.06 years, SD CA = 5.85 years, M MA = 6.17 years, SD MA = 1.74 years). Two comparison groups consisted of 10 chronological age-and gendermatched participants (CA; M CA = 23.93 years, SD CA = 6.08 years) and 10 mental age-and gender-matched participants (MA; M MA = 6.53 years, SD MA = 1.89 years). The mental age of the adults with DS was ascertained using the Peabody Picture Vocabulary Test (3rd ed.; PPVT-III). The mental age of the comparison groups was assumed equal to their chronological age. There were fi ve male and fi ve female participants in each group.
As drumming is a task that is more likely encountered in the real world than many laboratory tasks information was gained concerning music experience. Seven of the 10 participants with DS had some form of music experience (e.g., music therapy, singing, playing other instruments) and two had drumming experience. Eight CA participants had some from of music experience (e.g., singing, playing instruments other than the drums) and only one MA had minimal music experience (e.g., loved to dance).
Participants were screened for handedness using a shortened six-item handedness inventory (Oldfi eld, 1971 ) to verify right hand dominance. Adults with DS and the MA comparison group physically wrote with a pen, drew a circle with a pen, used scissors to cut paper, threw a tennis ball, pretended to eat with a spoon, and pretended to brush their teeth. If at least four of the six items were performed with the right hand, the participants were included in the experiment. The CA comparison group answered verbally which hand they used for the aforementioned tasks. Only right-handed participants with normal or corrected-to-normal vision and no known neurological disorders were included.
After permission to contact parents/guardians of adults with DS and children (i.e., MA) from societies, schools, and organizations in which they were involved, participants were recruited verbally from telephone conversations with the parent/or guardian. The CA group was verbally recruited from classes at Arizona State University (ASU). All protocols were approved by the Human Subjects Institutional Review Board of ASU.
Tasks and Data Collection
All the participants performed continuous in-phase and anti-phase drumming movements on two identical 25 cm diameter drums on a tabletop separated by a distance of approximately 7 cm and sitting on a chair at a comfortable height. Data were collected from sensors, attached to the ends of each drumstick, using an electromagnetic tracking data collection system (Polhemus Ultratrak tm ). The position movement data were sampled at 120 Hz (samples/s) per sensor and collected in the z dimension, which captures cephalo-caudal or up-and-down movements, and the y dimension, which corresponds to anterior-posterior or front-to-back movements. Instructions to move up and down were given for three 10 s trials in three different instruction types and two different coordination patterns: (a) Verbal In-phase: The computer says "down," "up," "down," "up," etc. and cycles between the two words every 500 ms (i.e., one drum hit for every 1000 ms). Verbal Anti-phase: The computer says "right," "left," "right," "left," etc. and cycles between the two words every 1000 ms (i.e., one drum hit for every 1000 ms). (b) Auditory In-phase: The computer either makes the sound of both drums being hit (explained as indicating down) or a cymbal being hit (explained as indicating up) and cycles between the two sounds every 500 ms (i.e., one drum hit for every 1000 ms). Auditory Anti-phase: The computer makes the sound of a single drum being hit, which indicates hitting right or left alternately (i.e., one drum hit for every 1000 ms). (c) Visual In-phase: A computer monitor in front of the participant shows video of both drumsticks moving up and down at the same time, with one complete drum hit (e.g., down and up) every 1000 ms. Visual Anti-phase: A computer monitor in front of the participant shows video of the right and left drumsticks alternatively hitting the right and left drums with one complete drum hit (e.g., down and up) every 1000 ms.
Procedure
Each participant came with his/her parent or guardian and both read and signed informed consent and assent forms when appropriate. The handedness inventory was then administered and scored. Then the participants held the drumsticks labeled one and two in the right and left hands, respectively. The participants were instructed to hold a drumstick in each hand in an overhand grip. All tasks started with the drumsticks in the air, in front of them and above the center of each drum. Instructions were given before starting each different condition (i.e., visual in-phase, visual anti-phase, verbal in-phase, verbal anti-phase, verbal in-phase, verbal anti-phase). Qualitative (e.g., Be sure to move at the same time as the sound) and motivational (e.g., Great job!) verbal feedback was provided after each trial. A trial was repeated if we, or the participant, had any problem or stopped for any reason.
2 The order of the experimental conditions was counterbalanced across participants. There was individualized rest between each trial. The term individualized rest was used because on occasional trials some participants had a drink of water or talked between trials. This ranged between fi ve s to 30 s and occurred from one to fi ve times during a testing session. Each task was performed for three completed trials for a total of 18 trials. The length of the entire testing session took no longer than 45 min in order to reduce attentional and motivational limitations. The total time for the drumming was six min, thus we are confi dent that muscular fatigue was not a factor.
Data Collection and Reduction
All data were fi ltered using a 5th order 6 Hz Butterworth fi lter in both the forward and backward directions. For differentiation of the fi ltered data, a three-point central difference technique was used. All graphical and numerical techniques were completed using Matlab TM .
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Dependent Measures and Design
Movement time was calculated as the time it took in ms to complete a down and up movement. To make accurate comparisons between anti-phase and in-phase drumming timing, the coeffi cient of variation (CV) of movement time (i.e., mean movement time divided by the standard deviation, SD, of movement time) was used. This measure of timing consistency was important because timing is an area of diffi culty for persons with DS. Movement amplitude was calculated as the amplitude (maximum value/minimum value) of the drum hit in the z-dimension. Like rate, amplitude was calculated cycle-by-cycle and then averaged over a trial. Movement amplitude was used as a measure because differences in size of movements between DS/MA and CA have been previously noted (Ringenbach & Amazeen, 2005) . The SD of amplitude provided an estimate of amplitude variability. An aspect ratio of the z-and y-amplitudes was used to estimate the path of the movement (i.e., values closer to 0.0 indicates a linear straight up and down movement, whereas higher values closer to 1.0 indicate a more curvilinear path; Franz, Zelaznik, & McCabe, 1991) , which also was calculated cycle-by-cycle and then averaged over a trial. This measure was used to determine differences in drumming motions. The SD of the aspect ratio was used as an index of the variability of spatial performance. SD measures were used because increased variability is typical in disabled and developmental populations. Between hand coordination was measured using relative phase in the z-dimension. To obtain a continuous measure of relative phase, the displacement and velocity records for each movement cycle were normalized. The absolute difference between the phase angles of the left and right hands was calculated for each sample. The mean and SD of relative phase were calculated across samples within a trial. The mean served as a measure to differentiate in-phase and anti-phase coordination. The SD of relative phase served as an index of coordination stability.
In keeping with the standards set by previous studies (e.g., Robertson, 2001; Scholz & Kelso, 1990) For all analyses, if there were no problem trials, the fi rst trial was eliminated as an accustomation trial and the remaining two were averaged across conditions.
3 In addition, all analyses were collapsed across gender because preliminary analyses did not reveal any signifi cant main effects or interactions involving gender. Analyses of variance (ANOVA) were performed on the coeffi cient of variation (CV) of movement time and mean and SD of amplitude and aspect ratio. Five mixed-factorial ANOVAs were conducted with a between-groups variable of Group (CA, MA, DS) and three within-subject variables of Coordination (in-phase, anti-phase), Instruction Type (verbal, visual, auditory), and Hand (right, left) . A familywise Bonferroni correction was used to adjust the alpha level to 0.01 (i.e., .05/5) for the evaluation of these unimanual analyses.
Coordination analyses were conducted on the mean and SD of relative phase, percent of time in in-, anti-, and intermediate-phase. Five mixed-factorial ANOVAs were conducted with a between-groups variable of Group (CA, MA, DS) and two within-subject variables of Coordination (in-phase, anti-phase) and Instruction (verbal, visual, auditory) . A familywise Bonferroni correction was used to adjust the alpha level to 0.01 (.05/5) for the evaluation of these bimanual analyses.
Huynh-Feldt corrected ANOVA statistic is reported throughout. In addition, effect size calculations using the partial eta-squared procedure were performed for all signifi cant results. Tukey HSD procedures were used to follow-up signifi cant effects of all pairwise comparisons of between subject variables and t-tests were used to follow-up signifi cant effects of all pairwise comparisons of within subject variables. All signifi cant and relevant results are reported.
Results
Individual Hand Spatial-Temporal Measures: CV of Movement Time
For the measure of coeffi cient of variation of movement time, there was a main effect for Group, F(2, 27) = 7.12, p < .004, partial η 2 = .345. This main effect was mediated by a Group by Coordination interaction, F(2,27) = 6.18, p < .007, partial η 2 = .314. As indicated by post hoc analysis and can be seen in Figure 1 , in the anti-phase drumming, MA and adults with DS performed similarly and less consistently in movement time than CA, whereas in the in-phase drumming, only adults with DS were less consistent than CA. Post hoc comparisons within groups showed that for CA and MA, anti-phase drumming was less consistent in timing than was in-phase drumming, whereas for DS there were no differences in timing consistency between in-phase and anti-phase drumming.
Mean Aspect Ratio
For this measure, values closer to 0.0 indicate a linear straight up and down movement of the drumsticks, whereas higher values closer to 1.0 indicate a more curvilinear path in which they produced more of a semicircle, bringing the drumsticks toward both shoulders. For this measure, there was a main effect for Group, F(2, 27) = 12.58, p < .0001, partial η 2 = .482 and Instruction Type, F(2, 54) = 16.7, p < .0001, partial η 2 = .382. Post hoc analysis showed that CA performed the movements more linearly than did MA and adults with DS, who performed more curvilinear movements (M CA = .34, M MA = .59, M DS = .55). Post hoc analysis of the instruction main effect showed that with visual instructions, the movements were more linear than with auditory and verbal instructions (M visual = .39, M auditory = .56, M verbal = .53).
Standard Deviation Aspect Ratio
On the measure of SD of aspect ratio, there was a main effect for Group, F(2, 27) = 9.38, p < .0008, partial η 2 = .410. Post hoc analysis showed that adults with DS were more variable in their movement paths than were CA (M CA = .11, M MA = .26, M DS = .39).
Mean Amplitude
On the measure of mean amplitude in the z dimension (i.e., up and down), there were signifi cant main effects for Coordination, F(1, 27) = 34.22, p < .001, partial η 2 = .559 and Instruction Type, F(2, 54) = 24.6, p < .001, partial η 2 = .477. For all groups, the anti-phase movements were smaller than the in-phase movements (M anti-phase = 14.0 cm, M in-phase = 15.8 cm). Post hoc analysis showed that shorter movements were produced using the visual instructions than auditory and verbal instructions (M visual = 13.3 cm, M auditory = 15.9 cm, M verbal = 15.5 cm).
Standard Deviation of Amplitude
On the measure of SD of amplitude, there were signifi cant main effects for Group, F(2, 27) = 13.23, p < .0001, partial η 2 = .495; Coordination, F(1, 27) = 55.61, p < .0001, partial η 2 = .673; and Instruction Type, F(2, 54) = 7.8, p < .001, partial η 2 = .223. Post hoc analysis showed that the CA were less variable in amplitude than MA and adults with DS (M CA = 3.3 cm, M MA = 4.2 cm, M DS = 4.9 cm) and visual instructions were less variable in amplitude than verbal and auditory (M visual = 3.7 cm, M auditory = 4.5 cm, M verbal = 4.2 cm). In addition, anti-phase coordination was more variable in amplitude than in-phase coordination (M anti-phase = 4.6 cm, M in-phase = 3.6 cm). 
Coordination Measures: Mean Relative Phase
Standard Deviation of Relative Phase
For the measure of SD of relative phase, there were signifi cant main effects for Coordination, F(1, 27) = 181.61, p =.000, η 2 = .871 and Instruction Type, F(2, 54) = 9.69, p =.003, η 2 = .264. Anti-phase coordination was more variable than in-phase drumming for all the groups (M anti-phase = 52. . There was also a trend for a Group by Coordination interaction for variability of coordination, F(2, 27) = 4.29, p =.024, η 2 = .241, which we think is important to discuss. As can be seen in Figure 2 , and post hoc analysis confi rms, the variability of relative phase was higher in anti-phase than in in-phase for all groups. Among groups, variability of anti-phase drumming was similar, whereas in-phase drumming was more consistent in the CA group than the MA and DS groups.
Percent of Trial in In-Phase
For the percentage of time during a trial spent in in-phase, there were signifi cant main effects for Group, F(2, 27) = 6.80, p =.005, η 2 = .335 and Coordination, F(1, 27) = 327.55, p =.000, η 2 = .924. All groups followed the instructions and spent more time in-phase during in-phase instructions than during anti-phase instructions (M in-phase = 2.9%, M anti-phase = 39.7%). Post hoc analysis showed that CA spent the more time in in-phase coordination than did MA (M CA = 67.6%, M MA = 54.8%, M DS = 61.0%).
Percent of Trial in Anti-Phase
For the percentage of time during a trial in anti-phase, there were signifi cant main effects for Group, F(2, 27) = 6.06, p =.007, η 2 = .310 and Coordination, F(1, 27) = 230.39, p =.000, η 2 = .895. Post hoc analysis showed that CA spent less time in anti-phase coordination than did MA (M CA = 10.9%, M MA = 19.5%, M DS = 17.0%). In addition, the participants followed the coordination instructions because more time was spent in anti-phase when performing anti-phase drumming than when performing in-phase drumming (M anti-phase = 28.7%, M in-phase = 2.9%). The amount of time in anti-phase is low because the mean for anti-phase was 83. 
Percent of Trial in Intermediate Phase
Discussion
This is the fi rst study to examine bimanual in-phase and anti-phase coordination in a drumming task in response to different types of instructions in adults with DS. The results of coeffi cient of variation of timing and SD of relative phase showed that the adults with DS were able to follow the different coordination instructions and produced in-phase drumming as consistently as anti-phase drumming. This supports the hypothesis that plane of movement is infl uential for adults with DS (e.g., equates anti-phase and in-phase performance) but not for CA, because inphase drumming was more consistent than anti-phase drumming for CA. Further results will be discussed below with respect to coordination, instruction, and group differences.
Coordination
All the groups performed with shorter, more variable amplitudes in the anti-phase drumming than the in-phase drumming. One explanation for this is that in all of the in-phase instructions, there were cues for when to be up and when to be down, whereas in anti-phase instructions, there was only one cue (e.g., left or right) to indicate the beginning of the movement. Research has shown that movements that have more concrete anchor points are more consistent (Byblow, Carson, & Goodman, 1994; Fink, Foo, Jirsa, & Kelso, 2000; Summers, Davis, & Byblow, 2002) .
Another explanation is that the anti-phase drumming was more complex because different commands to the muscles of each hand were necessary, whereas in inphase drumming, the hands used the same commands. This is consistent with past studies, which showed that in-phase patterns require the simultaneous activation of homologous muscle groups, whereas the anti-phase patterns involve the simultaneous activation of nonhomologous muscle groups (Kelso, 1984; Swinnen, Jardin, Meulenbroek, Dounskaia, & Van Den Brandt, 1997) .
While all groups coordinated similarly in the anti-phase drumming, MA and adults with DS had larger variability of relative phase than did CA in in-phase drumming. This suggests that in-phase drumming was harder to coordinate for MA and adults with DS than for CA. This is similar to previous research with adults with DS when drawing circles in the horizontal plane . Another similar study included a preferred condition in which adults with DS chose in-phase circle drawing (Ringenbach & Lantero, 2005) . Our future research will include a self-selected bimanual drumming condition to determine the natural tendencies of persons with DS, that is, do they choose in-phase over anti-phase drumming?
This would indicate what their intrinsic dynamics (e.g., natural tendencies) are for drumming, which is related to coordination stability (Kelso, 1995) .
Previous circle and line drawing research (e.g., Ringenbach et al., 2002; Ringenbach et al., 2003; Ringenbach & Lantero, 2005) o . The mean relative phase value for in-phase drumming falls within the previously set range for circle and line drawing, whereas the mean relative phase value for anti-phase drumming falls within the intermediate phase range. This occurred because participants often hit the drum and went back to the up position and waited, meaning that the two drumsticks were not moving completely opposite. Thus, more time spent in intermediate phase can be interpreted as more typical anti-phase drumming.
Instruction
For the spatial measures, the visual instructions produced more linear movements, shorter movements, and movements with the least variability in amplitude than did the auditory and verbal instructions. A clear explanation is that with the visual instruction all participants observed straight up and down drumming movements of a regular height, and they matched their movements to the instruction. Thus for all groups, visual information did aid in the performance of spatial aspects of drumming. This result is not consistent with our hypothesis for adults with DS but is consistent with previous research with persons with DS and discrete movements (Elliott, Weeks, & Elliott, 1987; Elliott & Weeks, 1990 , 1993 . The difference in the benefi t of visual instructions for the present study versus a degradation of performance with visual instruction in previous studies Ringenbach et al., 2002; Ringenbach et al., 2003) may be related to the type of visual instruction. Previous research cited above used non-specifi c visual instructions (e.g., blinking light), which provided only timing information about the specifi c tasks (e.g., circle drawing or line drawing) but no spatial information. The present study utilized visual instructions that provided timing and spatial information related to the desired movement (i.e., actual video tape of the drumming movements). Thus, we believe that the shorter, straighter movements with the visual instructions were a consequence of the participants matching their drumming movements to the video image on the screen, which showed small vertical movements. This is consistent with observational learning research that suggests that modeling is an effi cient strategy for learning (McCullagh, Weiss, & Ross, 1989) , even in persons with DS (Biederman, Stepaniuk, Davey, Raven, & Ahn, 1999) .
On the other hand, coordination measures produced results consistent with our hypothesis for adults with DS, that coordination was most consistent in relative phase with the verbal and auditory instructions than in visual instructions. One explanation is that accurate coordination requires visual attention of the hands, which was afforded with the auditory and verbal instructions, whereas the visual instructions divided or distracted attention to the hands by requiring visual attention of the computer monitor. This fi nding is consistent with previous research that adults with DS as well as typical persons perform best when they attend to response produced visual feedback , and that attention is limited in capacity (Kahneman, 1973; Temprado, et al., 2003) . In addition, the similarity of the verbal and auditory instructions could be due to the possibility that for the verbal instructions, they did not follow the meaning of the words (e.g., "up" and "down"), they just moved when they heard a sound. Future research will use varied time intervals between drum hits to examine this in more detail.
It is important to note that there was no group by instruction differences in the present study, meaning that adults with DS benefi ted similarly from the different instructions as the MA and CA groups. This result is not consistent with verbal-motor defi cits in discrete tasks (Elliott et al., 1987) or visual-motor defi cits in continuous tasks Ringenbach et al., 2002; Ringenbach et al., 2003) as predicted by the model of atypical cerebral specialization. One explanation is that drumming in adults with DS appears to be a task where they have had some level of experience (e.g., school, music therapy, playing, etc.), which may override the informational aspect of the instructions.
Another explanation is that the difference in these results may be due to task differences. For example, in the present study, all bimanual drumming movements were performed in the vertical plane at the body midline, whereas in other studies, either unimanual or bimanual movements cycling away from the body midline in the horizontal plane were examined. It has been found that bimanual movements in the vertical plane of motion (e.g., up and down) result in less postural disturbances than movements in the horizontal plane of motion (Ringenbach et al., 2001 ). Thus, drumming movements are much less likely to disturb postural stability (e.g., balance), which is an area of weakness in persons with DS (Jobling, 1999; Vuillerme, Marin, & Debu, 2001 ).
Group Differences
There were some interesting group differences. Specifi cally, adults with DS and MA performed more curvilinear drumming movements, whereas CA performed more linear drumming movements. This is consistent with bimanual coordination research using a tapping task in young children (Robertson, Winges, Adina, Jung, & Bryant, 2000) .
One explanation is that adults with DS and MA may have been trying to continuously fi ll the timing interval by continuously moving, and when they could not raise their hands higher, they brought them toward their shoulders. In addition, adults with DS and MA produced drumming movements with less consistent amplitudes and movement paths. This is expected because larger variability is often associated with larger, more forceful movements (Newell, & Corcos, 1993) , and increased variability is a hallmark of development and disability (Newell, & Corcos, 1993; Robertson, 2001; Robertson et al., 2002; Takahashi et al., 2003) .
Another explanation is that because adults with DS were slower and less accurate in the present study than were CA, they may have been adopting an internal focus of attention (e.g., focusing on their hands) because in typical adults an internal focus of attention results in slower (Vance, Wulf, McNevin, Tollner, & Mercer, 2004) and less accurate movements (Wulf, McConnel, Gartner, & Schwarz, 2002) than an external focus of attention (e.g., focusing on the instructions). It is known that an external focus of attention is benefi cial to movement performance because it allows automatic control processes to control movements (e.g., self-organize), whereas an internal focus of attention requires ongoing feedback (e.g., additional processing), which can slow and increase variability of movement. Further research needs to manipulate focus of attention in people with DS, which may help explain our results.
The variability of timing interacted with coordination and group. Specifi cally, the timing variability was similar in in-phase and anti-phase drumming in adults with DS, whereas in-phase drumming was more consistent in timing than antiphase drumming for CA. An explanation is that adults with DS do not make use of the additional up and down cues in in-phase drumming whereas the CA did. This is likely because timing is an area of motor behavior in which adults with DS are particularly poor (Chiarenza, 1003; Ringenbach et al., 2003) . The results of this study suggest that adding additional information at direction changes did not improve their performance; perhaps it was too much information. Our recent research suggest that using instructions closest to adults with DSʼ natural preferences, as opposed to adding instructions, results in the best coordination performance (Ringenbach & Lantero, 2005) .
Conclusion and Practical Application
The results of this study show that the best type of instruction for performance of drumming movements depends on which aspect of the task is being learned. That is, we found that for all groups, visual instructions resulted in the better timing, and spatial performance and verbal/auditory instructions resulted in the better coordination performance. The results of this study confi rm that the model of atypical cerebral specialization (Elliott, Weeks, & Elliott, 1987) may be task specifi c thus is limited in its predictions regarding instructional procedures. In addition, CA performed anti-phase drumming less consistently than in-phase drumming, whereas adults with DS performed in-phase and anti-phase drumming similarly. This result confi rms that plane of movement is infl uential for coordination performance in adults with DS. Lastly, adults with DS produced drumming movements differently (e.g., more curvilinear paths, more variability). Taken together, our results show that ultimately performance depends on the characteristics of the individual (e.g., balance diffi culties for adults with DS), task (e.g., drumming in the vertical plane), and environment (e.g., specifi city of instructions).
The results of this study may help professionals and caretakers of persons with DS teach bimanual coordination skills, specifi cally drumming. Adults with DS were able to perform anti-phase and in-phase drumming and benefi ted from similar instructions as MA and CA. Thus, similar teaching methods may be used for adults with DS and the typical population if a coordination task with low balance requirements is used (e.g., drumming). In addition, adults with DS accomplished the task in a different way (e.g., more curvilinear drumming paths). Therefore, a general teaching method consistent with this research is that when instructing persons with DS to perform bimanual coordination skills (e.g., dressing, eating), encourage them to use their own adaptations.
